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Drought and Water Shortage
Drought is a big challenge in the world & Water scarcity is a top global issue
 More than one in every six people in the world is water stressed, meaning that
they do not have access to potable water,
 In the last several years, most of California is experiencing “extreme and
exceptional drought”. The severe shortages of rain and snowfall have hurt
California's $46 billion dollars agricultural industry.
 On August 2, 2012, the U.S. Department of Agriculture listed 98 of Illinois' 102
counties as primary natural disaster areas because of damage and losses caused
by drought and excessive heat.
Water reuse is a feasible and economic water recycling strategy. The treated wastewater can
be used for :
 agricultural and landscape irrigation
 Provide nutrients and organic matter for plant growth 
 Reduce high quality water use and save valuable
fresh water.
 aesthetic uses 
 ground water  recharge
 industrial uses
 fire protection
Water Reuse and Recycling
Wei:  That's the last of our water
Water reuse or recycling is one of primary solutions to mitigate the drought.
Water Reuse and Recycling
There are three primary types wastewater for the reuse of
irrigation and commercial processes:
 Treated industrial and/or municipal sewage wastewater
 Treated domestic wastewater from rural communities
 Wastewater from concentrated animal feeding operations (CAFOs)
Industrial/Municipal Sewage Treatment Plant in City
A typical large-scale sewage treatment plant generally involves three stages, called









Orange County Water District 
Urine to Drinking Water
How urine will get us to Mars
Drinking “urine water” by Bear Grylls
Man Vs Wild in Discovery
NASA can purify urine to potable water
 For rural communities, aerated lagoons
have been used to treat domestic
wastewater for many years.
 Today approximately 8,000 such
wastewater treatment lagoons in the
U.S. are applied for small
municipalities and industries.
 Over 90% are for flows 1MGD or less.
 Largest pond Stockton CA (pop.
275,000)
Aerated Lagoons in Small Town
Concentrated Animal Feeding Operation
 US generates around 500 million tons of manure annually.
 Livestock water use accounts for 1% of total freshwater
withdrawals.
 Large volumes of manure containing wastewater, wash water,
and storm water runoff can be generated at CAFOs.
 Manure-containing water is typically used as a fertilizer for
agricultural land application.
Contaminants in the Reused Water
Recycled or reused water is non-potable:
 Conventional Contaminants 
 Excess amounts of nutrients
 Salts
 Microorganisms (e.g., pathogens)
 Heavy metals
 Pesticides
 Emerging chemical contaminants 
 Pharmaceuticals & personal care 
products (PPCPs)
 Natural steroid hormones
 Polybrominated diphenyl ethers (PBDEs)




 Currently, pharmaceuticals and personal 
care products termed PPCPs are receiving 
great public attentions as emerging 
contaminants. 
 PPCPs have been frequently detected in the 
lake, river, and stream in the US because 
they are widely used in human and 
veterinary clinical practices
Environmental Effects---- PPCPs
Compared with the "conventional" pollutants, little is known about PPCPs 
with regard to potential environmental effects. The occurrence of PPCPs in 
groundwater and surface water will definitely impact the water quality and 
cause a series of negative effects for aquatic species:
 Some PPCPs show very highly acute toxicity to aquatic 
species.  
 The occurrence of some PPCPs have the potential to 
change watershed ecologic system. 
 Can drugs found in water harm humans? 
Long-term effects on human health are unknown 
(maybe chronic)???
Emerging Contaminants---- Steroid Hormones
Steroid hormones are one of most important classes of
emerging contaminants. Including:
Natural hormones 
endogenous steroids, e.g., the estrogens 
Synthetic steroid hormones
Such as those used for 
reproductive control and 
human growth hormone (HGH)
testosterone
Endocrine-Disrupting Chemicals
Most of steroid hormones are classified as highly potent endocrine-
disrupting chemicals (EDCs):
 They can interfere with the normal function of the endocrine systems of humans 
and animals.
 Long-term effects on human health are unknown. But the obesity is often 
suspected to be related with too much consumption of human growth hormones 
(HGHs). Too much HGHs can cause a condition known as gigantism. 
Endocrine Disrupting Chemicals
Most of steroid hormones are classified as highly potent endocrine-disrupting 
chemicals (EDCs):
 In aquatic environments, steroid hormones even at very low concentration
(naograms-per-liter, 1-100ng/L) still can adversely affect the reproduction of
freshwater species:
For example: inducing feminization of male fish.
Emerging Contaminants vs Conventional Contaminants 
Compared to the conventional contaminants, emerging contaminants have three 
different features. 
 Potential risks to ecology and human health
 Most emerging contaminants are not acute toxic for people and wildlife at their
average environmental concentrations. However, most of them are chronic and their
long-term effects on human health are unknown.
 The greatest threat may be that certain chemicals, when combined with others in the
environment, may produce a greater effect than that of a single chemical. Synergistic
effects of chemicals can cause a greater impact than would be anticipated from each
chemical’s individual effects.
 Very low concentration: Super-trace level in the aquatic environment (ng/L 
to ug/L level, ever lower)
 Regulation missing due to lacking information and knowledge of emerging 
















1 cent reduction in ………………………… $10,000 transaction
1ppm, 1 mg/L
(10-6)
Can you find the Penny from 1,000,000 Pennies? 
1 ppb, 1 µg/L
(10-9)
1 cent reduction in ………………………… $10,000,000 transaction
NopeFind it ?
Emerging Contaminant Concentrations in the Aquatic Environment
(10-12)
100 X $100 Million Los Altos Mansion
1 cent reduction in ………………………… $10,000,000,000 transaction









Emerging Contaminant Concentrations in the Aquatic Environment
100 X area
Forbidden City
Emerging Contaminants vs Conventional Contaminants 
Compared to the conventional contaminants, emerging contaminants have three 
different features. 
 Potential risks to ecology and human health
 Very low concentration
 Regulation missing due to lacking information and knowledge of 
emerging contaminants on presence, fate, and effects in the environment 
I. What kinds of emerging contaminants are occurring in the aquatic 
environment?
II. What are the sources of emerging contaminants? Where do they come from?
III. What are environmental fate and effect of these emerging contaminants?
IV. What are the pollution prevention strategies for minimize the loading of 
emerging contaminants into the environment?
V. What are treatment techniques for removal of emerging contaminants in 
contaminated water?
http://www.istc.illinois.edu/research/ppcps/
1. University of Illinois Extension and Outreach Initiative 
Department of 
Crop Science




Department of Crop Science
Through the Extension
Initiative, Illinois-
Indiana Sea Grant is






1. University of Illinois Extension and Outreach Initiative 
2.National Great Rivers Research and Education Center (NGRREC)
3. Prairie Research Institute Collaboration Seed Fund
Title: Pharmaceuticals and Personal Care Products
(PPCPs) in Karst Groundwater in Southwestern Illinois
4. Illinois Hazardous Waste Research Fund
Monitoring Pharmaceutical and Personal Care Products and Estrogenic
Hormones Derived from Wastewater Treatment Plants
Urbana Champaign Sanitary District
5. Illinois Hazardous Waste Research Fund
Fate of Pharmaceutical and Personal Care Products in Irrigated 
Wastewater Effluent 
6. Uptake, Translocation, and Accumulation of Pharmaceutical and 











Wash and separate samples






















7. Fate and Transport of Steroid Hormones and 
Veterinary Antibiotics Derived from Cattle Farms
Research Activities and Results
 Analytical method development
 Monitor the occurrence of emerging contaminants and characterize/
assess the sources and source pathways that determine their release
to the environment
 Studies of environmental fate and transport
 Mitigation strategies
 Pollution prevention strategies
 Innovative treatment techniques
These projects involve laboratory, field, and numerical modeling experiments
to monitor the occurrence of emerging contaminates in the environment, illustrate
their environmental fate and transport, and develop effective management
strategies and treatment techniques to minimize their loading into the environment
and prevent their pollutions.
Four main research activities and results are as follows:
 Complicated matrix
LC/MS/MS or GC/MS analysis using 
isotope dilution methods
 Low detection limit for methods
Very low concentration
ng/L ~  ug/L (10-12~10-9 , ppt~ppb)












Development of Analytical Method
ng/L level
Analysis of Emerging Contaminants at ISTC
















Our Lab has a capacity to analyze more than 30 PPCPs simultaneously 
and over 10 steroid hormones as well.















Caffeine 6.3 20.6 6.0 19.8 0.7 2.3
Carbamzepine 2.2 7.1 0.9 3.1 0.2 0.7
Naproxen 10.6 35.1 2.1 6.9 0.5 1.7
Ibuprofen 4.9 16.0 0.9 3.1 0.3 1.0
Gemfibrozil 5.9 19.6 0.5 1.5 0.02 0.07
Triclosan 39.5 130.3 1.6 5.2 0.4 1.3
Ethinylestradiol 10.6 35.0 3.4 11.2 1.3 4.3
Method Limit of Detection (LOD) & Limit of Quantification (LOQ) 
Detection limit:     The level as low as ng/L
Recovery:     76.6%-108.6% for these compounds
Research Activities and Results
 Analytical method development
 Monitor the occurrence of emerging contaminants and characterize/
assess the pollution sources and determine the pathways how they
release to the environment
 Studies of environmental fate and transport
 Mitigation strategies
 Pollution prevention strategies
 Innovative treatment techniques
These projects involve laboratory, field, and numerical modeling experiments
to monitor the occurrence of emerging contaminates in the environment, illustrate
their fate and transport in the environment, and develop effective management
strategies to minimize the loading of these emerging contaminants and prevent
their pollutions.
Four main research activities and results are as follows:
Dr. Bob Weck and his
students from Southwestern
Illinois College
Sampling from Karst Groundwater in Southwestern Illinois
Spring and Cave waters 
Concentrations of PPCPs in Karst Groundwater in Southwestern 
Illinois 
Where do the Emerging Contaminants Originally Come From?
Human and animal excretions
30~90% of the administered antibiotics can
be excreted unmetabolized in feces and urine.




 Hospitals and nursing homes
Discharge of municipal sewage treatment plants (STPs) 
Usually, emerging contaminants in the wastewater cannot be completely 
removed by STPs. Effluent discharge of STPs will load undegraded
emerging contaminants into the surrounding environment. 
Discharge of sewage treatment lagoons in small town 
Wastewater use of concentrated animal feeding operations 
(CAFOs)
Dairy farms, ranches…
The livestock excretion (e.g., urine and feces) usually contains a large amount of
natural and synthetic chemicals including hormones and antibiotics.
Emerging contaminants are being loaded into the environment by
three main ways:
How do Emerging Contaminants Enter the Environment?





Concentrations of Emerging Contaminants  in the Urbana-
Champaign Sanitary District




~30 days from Influent to Effluent
Aerated lagoons
Concentrations of Pharmaceuticals in Sewage Treatment Lagoons
Sampling
• Creek upstream, downstream, 
and river water samples were 
also collected in Sep. and 
Nov.
• Investigate if the discharge of 
treated sewage lagoon 













Wastewater Profile in Dairy Farm---Emerging Contaminant Sources




















  17a-estradiol 
  17ß-estradiol
  estrone
  Total steroid hormones
The total concentrations of steroid hormones decrease along dairy wastewater flow.












Steroid Hormones in Dairy Farm
Management Strategies to Reduce Hormone Loading
 Using sequencing lagoons
 Increasing the residence time of 
wastewater in lagoons
 Increasing the piling time of solid 
wastes 
Research Activities and Results
 Analytical method development
 Monitor the occurrence of emerging contaminants and characterize/
assess the sources and source pathways that determine their release
to the environment
 Studies of environmental fate and transport
 Mitigation strategies
 Pollution prevention strategies
 Innovative treatment techniques
These projects involve laboratory, field, and numerical modeling experiments
to monitor the occurrence of emerging contaminates in the environment, illustrate
their fate and transport in the environment, and develop effective management
strategies to minimize the loading of these emerging contaminants and prevent
their pollutions.

















































































 17a-estradiol in the sterile solution  
 




















Occurring under anaerobic conditions
Degradation Pathway of Steroid Estrogenic Hormones
Hormones in Dairy Wastewater Persist for Years
Anaerobic conditions inhibited the reduction of total estrogens, possibly leading to
their accumulation in the anoxic environment (e.g., sediment and groundwater).
The transformation of three steroid hormones in aqueous solutions blended with
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Reversible Transformation Among Three Hormones

























Artificial Rain Water (ARW)
Diluted Dairy Manure (DDM)
Competition sorption Dislodging already sorbed compound
and carry it overCarry over and co-transport
Three Colloid-Facilitated Transport Mechanisms
Florfenicol
Colloid
Model to Simulate the Facilitated Transport Process 

























Artificial Rain Water (ARW)




































Detected Steroid Hormone in Groundwater
Research Activities and Results
 Analytical method development
 Monitor the occurrence of emerging contaminants and characterize/
assess the sources and source pathways that determine their release
to the environment
 Studies of environmental fate and transport
 Mitigation strategies
 Pollution prevention practices
 Innovative treatment techniques
These projects involve laboratory, field, and numerical modeling experiments
to monitor the occurrence of emerging contaminates in the environment, illustrate
their fate and transport in the environment, and develop effective management
strategies to minimize the loading of these emerging contaminants and prevent
their pollutions.
The main research activities and results are as follows:
LAURA KAMMIN  ADRIENNE GULLEY








The best way to deal with
pharmaceutical waste is not
to create it in the first place.
Mitigation Strategies: Medicine Collection Programs 
IISG Assists Communities with Medicine Take-Back Programs
IISG has helped 72 communities in Illinois, Indiana, Wisconsin and Michigan with
single-day or permanent collection programs, ensuring the proper disposal of more than









Mitigation Strategies: Removal of Emerging Contaminants by Oil 
Mitigation Strategies: Removal of Emerging Contaminants by Oil 
Orbital Shaking
Mitigation Strategies: Removal of Emerging Contaminants by Oil 
Horizontal Shaking Dripping
Mitigation Strategies: Removal of Emerging Contaminants by ARF
Dr. Wen-Tso Liu has developed an artificial riverbank filtration to
removal emerging contaminants from point and non-point sources.
Mitigation Strategies: Innovative Treatment Technique 
Development
Development of cyclodextrin and biochar-based nanocomposites to selectively 
capture trace emerging contaminants from urban water, destruct adsorbed 
contaminants by oxidation or photochemical degradation,  and regenerate adsorbers  
---Collaboration with Dr. Cai, Xiyun





Mitigation needs energy 
Right Water for the
Right Place and 
Right Time 
Considerations of water quality appropriate for the specific use, time of application, and where
water is applied are important in developing solutions for conserving higher quality water.
Summary 
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Drought and Water Shortage
Drought is a big challenge in the world & Water scarcity is a top global issue
 More than one in every six people in the world is water stressed, meaning that
they do not have access to potable water,
 In the last several years, most of California is experiencing “extreme and
exceptional drought”. The severe shortages of rain and snowfall have hurt
California's $46 billion agricultural industry.
 On August 2, 2012, the U.S. Department of Agriculture listed 98 of Illinois' 102
counties as primary natural disaster areas because of damage and losses caused
by drought and excessive heat.
Water reuse is a feasible and economic water recycling strategy. The treated wastewater can
be used for :
 agricultural and landscape irrigation
 Provide nutrients and organic matter for plant growth 
 Reduce high quality water use and save valuable
fresh water.
 aesthetic uses 
 ground water  recharge
 industrial uses
 fire protection
Water Reuse and Recycling
Wei:  That's the last of our water
Water reuse or recycling is one of primary solutions to mitigate the drought.
Contaminants in the Reused Water
Recycled or reused water is non-potable:





 Emerging chemical contaminants 
 Pharmaceuticals & personal care 
products (PPCPs)
 Natural steroid hormones
 Polybrominated diphenyl ethers (PBDEs)
 Perfluorinated compounds (PFCs)
 Others 
Research Activities and Results
 Analytical method development
 Monitor the occurrence of emerging contaminants and characterize/
assess the sources and source pathways that determine their release
to the environment
 Studies of environmental fate and transport
 Mitigation strategies
 Pollution prevention strategies
 Innovative treatment techniques
These projects involve laboratory, field, and numerical modeling experiments
to monitor the occurrence of emerging contaminates in the environment, illustrate
their fate and transport in the environment, and develop effective management
strategies to minimize the loading of these emerging contaminants and prevent
their pollutions.












Development of Analytical Method
ng/L level
Monitoring the Occurrence of Emerging Contaminants  in the 
Urbana-Champaign Sanitary District









Steroid hormones in Dairy Farm




















  17a-estradiol 
  17ß-estradiol
  estrone




















































































 17a-estradiol in the sterile solution  
 
Degradation of Steroid Estrogenic Hormones
Competition on sorption sites Dislodging already sorbed compound
Carry over and co-transport
Manure Colloid-Facilitated Transport Mechanism
Florfenicol
Colloid
IISG Assists Communities with Medicine Take-back Programs
IISG has helped 72 communities in Illinois, Indiana, Wisconsin and Michigan with
single-day or permanent collection programs, ensuring the proper disposal of more than









Mitigation Strategies: Removal of Emerging Contaminants by Oil 
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